In the present study, we have described the synthesis of acid functionalized graphene (GE) which was grafted to chitosan (CH) by first reacting the oxidized GE with thionyl chloride to form acylchlorinated GE. This product was subsequently dispersed in chitosan and covalently grafted to form GE-chitosan. GE-chitosan was further grafted onto poly(anthranilic acid) (PAA) by free radical polymerization conditions, to yield GE-g-chitosan-g-PAA for our investigations. The structure of GE-CH-PAA composites was characterized by X-ray diffraction (XRD) pattern, Fourier transform infrared (FTIR) spectroscopy, thermo gravimetric analysis (TGA), cyclovoltammetrie (CV) and transmission electron microscopy (TEM). XRD report suggested the strongly crystalline character of the specimen prepared. The performance of cycle voltammeter was attributed to the GE-CH-PAA, which provided a large number of active sites and good electrical conductivity. Experimental results suggested that nanocomposites could be combined together for industrial applications.
Introduction
Graphite is a 2-dimensional carbon material which is naturally abundant. In graphite, sp 2 hybridized carbons are covalently bonded in hexagonal manner forming individual sheets called "grapheme" and these sheets are bound together by van der Waals forces. Graphite has been used in many industrial applications such as lubricants and high temperature gaskets [1] - [3] . To date, the exfoliation of graphite to graphene (GE) and its incorporation into polymers have been rarely reported. Low solubility, strong interaction and small spacing between stacked graphene planes make it nearly impossible to achieve a fully separated state of graphene by pure mechanical mixing with solvents/polymers. Many attempts have been made to exfoliate graphite sheets using intercalation with alkali metals or exposing them to strong acidic conditions [4] - [6] . Expansion of layer spacing takes place via heat treatment [7] - [10] or alternatively, by exposure to microwave radiation followed by mechanical grinding [10] - [12] . These expanded graphite platelets can be incorporated into polymers via solvent mixing [13] - [16] , in-situ polymerization [17] - [20] , or coating onto polymer particles followed by melt processing [21] . Expanded graphite yielded relatively better dispersion than un-intercalated graphite. Still, complete exfoliation to the level of single atomic sheets was not attained using these approaches. The thickness of the resulting layers is typically 10 -100 nm which is much greater than single graphene sheet thickness (0.34 nm) [22] [23] .
Graphene nanosheets have very promising electronic properties and various synthesis methods have been developed to make utilization of graphene viable. So far, the use of graphene has covered a broad range of areas. Moreover, graphene has attracted the significant attention for energy storage and conversion. Its potential applications in super capacitors [24] , lithium-ion batteries [25] , lithium-sulfur batteries [26] , and the latest developed lithium-air batteries have also been intensively investigated.
Chitosan (CH), a N-deacetylated derivative of chitin, consists of 2-amino-2-deoxy (1-4)-β-D-glucopyranose residue (or D-glucosamine units) and is derived from the partial alkaline deacetylation of chitin. Chitin, the precursor of chitosan, is a cellulosic type biopolymer which is widely distributed in nature, especially in the shell of crustaceans, the cell wall of fungi and exoskeleton of insects. Chitosan has been developed as a new bioactive material since it possesses various biomedical activities [27] [28]. Chitosan's solubility and poor mechanical properties limit its widespread applications. Chitosan is insoluble in water but dissolves in aqueous solutions of organic acids like acetic, formic and citric acids. It is attractive due to its biocompatibility, biodegradability, nontoxicity and exhibits excellent film-forming ability. It can be used as a modifier due to the abundance of -NH 2 and -OH functional groups which renders it ideal for a variety of chemical modifications. Although some successful carbon nanotube chitosan based nanocomposites have been reported, to our knowledge, most of them were obtained by non-covalent interactions such as blending [29] , layer-by-layer self-assembly [30] , surface deposition and crosslinking and electrochemical deposition on the surface of GE [31] . Covalent GE to chitosan will produce more stable composite, prevent leaching of materials during applications, improve hydrophilicity depending on the functionality introduced and ensure long term stability of GE in the media.
In this study, we have taken advantage of the existence of some of the free amino groups on chitosan, to graft functionalized GE (Figure 1 ), which were further grafted to PAA, and to yield GE-chitosan-PAA. The chemical modifications were confirmed using XRD, FTIR, TGA, TEM and CV measurements. With proper aniline content, the GE-chitosan-PAA nanocomposite is found to exhibit improved capacitance suitable for charge storage applications. 
Experimental Method

Materials
Poly(anthranilic acid, PAA) was purchased from sigma Aldrich. Graphene used in this work was purchased from Sigma-Aldrich. Other reagents like ammonium persulfate (APS), hydrochloric, sulfuric and nitric acid (Sigma Chemicals) were of analytical grade.
Synthesis of Functionalized Graphene
Functionalized graphene (FG) was synthesized as described in the recent literature [32] . Typically, GE was reacted with H 2 SO 4 :HNO 3 (3:1), then tip sonicated for 30 minutes using an ultrasonic processor with amplitude at 30% and 7 s pulse to yield carboxylic acid functionalized GE (GE-COOH). The carboxylic acid group was converted to formyl chloride via reaction with thionyl chloride for 24 h at 75˚C while refluxing. This resulted in functionalized GE which is referred to as GE-COCl. After the reaction was stopped, reaction mixture was cooled before centrifuging and washing to remove excess reactants. Samples were dried overnight at 90˚C and 30 in Hg.
Synthesis of GE-Chitosan Derivative
During this process, the functionalized GE-COCl (400 mg) was reacted with chitosan (2 g) in 100 mL 2% acetic acid at 75˚C for 24 hours while stirring. After the reaction was stopped, the product was washed three times with 2% acetic acid to remove the unreacted chitosan.
Synthesis of GE-Chitosan Grafted Derivative
To synthesize GE-chitosan derivative, GE-chitosan (0.1 g) was reacted with K 2 S 2 O 8 (0.02 g) and PAA (6 mL) in 2% acetic acid solution at 75˚C for 2 hours. This product was centrifuged at 20,000 rpm and washed twice with water before drying at 90˚C. This process resulted in the composite product which is referred to as GE-chitosan-PAA.
Measurements and Characterization
Following measurements were carried out to confirm chemical modifications of graphene based samples and their electrical properties.
XRD
X-ray diffraction (Rigaku, D/Max, 2500 V, Cu-Kα radiation: λ = 1.54056 Å) experiments were carried out on both the plain GE and the GE composite samples. Wide-angle X-ray diffractograms were recorded at temperature of 30˚C after isothermal crystallization at this temperature for 1 h.
IR Spectra
The Fourier transform infrared (FTIR) spectra were recorded on a Nicolet 8700 spectrometer, in the spectral range 400 -4000 cm −1 .
TEM
TEM experiments were performed on a Hitachi H-8100 electron microscope with an acceleration voltage of 200 kV.
TGA
Thermo gravimetric analysis (TGA) was conducted on a TA instrument TGA/SDTA851 at 20 µC/min heating rate under nitrogen.
CV
All electrochemical tests were done in a three electrode CV system. The working electrode was prepared by casting a nafion-impregnated sample onto a glassy carbon electrode. Platinum wire and a saturated calomel electrode were then used as counter and reference electrodes, respectively. The measurements were carried out in 1 M H 2 SO 4 electrolyte. Electrochemical measurements were performed in an Iviumstat (Ivium Technologies).
Results and Discussions
XRD
In Figure 2 , the XRD pattern of chitosan exhibits broad diffraction peaks at 2θ = 18˚ and 25˚ which are typical fingerprints of semi-crystalline chitosan. Graphene exhibits a strong and sharp peak at 32˚, indicating a higher ordered structure. The CH-PAA showed a crystalline area in the region of 2θ = 23˚, 40˚, 52˚, 61˚, 73˚ due to the grafting of PAA onto the chitosan backbone, while XRD of the chitosan showed crystalline pattern. However, the XRD patterns of GE-CH-PAA showed peaks at 2θ = 22˚, 32˚, 40˚, 53˚, 58˚, 62˚ and 75˚ due to CH-PAA along with the GE. The increase in ordering of polymer composite with the addition of PAA indicates that the structure of GE is strongly influenced and crystalline [33] - [35] .
FTIR
As shown in Figure 3 , were observed [36] . The FTIR dip of GE shows that O-H stretching vibrations observed at 3300 cm −1 was significantly reduced due to deoxygenation. However, stretching vibrations from C=O at 1735 cm −1 were still observed and C-O stretching vibrations at 1160 cm −1 became sharper, which were caused by remaining carboxyl groups. The functionalized GE (F-GE) shows dips at 3447 cm . The detector observes changes in the infrared radiation, and the amplifier improves the detector signal. The dominant dips at ~3432, ∼2885, and 1700 -1600 cm −1 correspond to a stretching vibration from -OH or COOH, CH 3 , and C=O, respectively, demonstrating the presence of functional groups on the original GE-CH sheets. Dips at ∼1700 and ∼1620 cm −1 may be assigned to the C=O stretching vibration in COOH and in quinone functional groups as found in functional GE. The dip at ∼1250 cm −1 is consistent with C-N stretching vibrations [37] .
The amide I (1655 cm . Meanwhile, an OH group band at 3395 cm −1 in CH is also shifted towards high frequency. This result indicates an enhanced hydrogen-bonding interaction between chitosan-PAA and GE.
TEM
TEM was employed to evaluate the morphological characteristics of membranes of F-GE-CH, F-GE-CH-PAA in Figure 4 . In Figure 4(a) , many obvious wrinkles and grooves are observed in GE cross-linked nanocomposite membranes compared with that of pure CH membrane, and the fracture surfaces become rougher with the increase of GE loading. This kind of cross-section morphology indicates that the tougher properties of CH crosslinked by GE. Furthermore, transmission electron microscopy (TEM) image shown in Figure 4(b) demonstrates the information about homogeneity and the excellent dispersion of GE in chitosan-PAA matrix. This phenomenon proves that there is the strong interaction generated by cross-linking and chain entangling of CH in the fracture areas, which should affect the mechanical properties of membranes [38] .
TGA
The thermal stability of chitosan and its derivatives was analyzed using thermogravimetric analysis (TGA). The attachment of PAA to chitosan and GE-chitosan is quite evident as the weight losses are increasingly noticeable ( Figure 5 ). In the scan, chitosan starts to degrade near 250˚C. This is attributed to the degradation and deacetylation of chitosan [39] . Water evaporation occurred in all scans of chitosan derivative near 80˚C and is in agreement with the literature. A rapid degradation is observed for GE-chitosan-PAA derivative near 550˚C which was attributed to the presence of silyl groups of the hybrid derivative. The presence of one endotherm for all peaks indicated that all samples were homogeneous.
Cycle Voltammeter
The specific capacitances of the prepared composites with different weight ratios of PAA are presented in Figure 6(a) . With the introduction of GE-CH into PAA, the PAA/GE-CH composites showed improved capacitance compared to that of PAA. In particular, the GE-CH-PAA composite having 30 wt% aniline content showed the highest capacitance among the prepared samples and it presented a maximum specific capacitance of 535 Fg −1 at 10 mV·s −1
. Figure 6(b) shows the cyclic voltammograms of the GE-CH-PAA composites as a function of aniline content. They show mixed behavior of electric double layer capacitance by the GE-CH component and redox (or faradaic) capacitance by the PAA. These enhanced specific capacitances are due to the GE-CH, which provided a large number of active sites and high conductivity. Beyond 50 wt% PAA content, the composite showed slightly decreased capacitance values. It is thought that PAA content over 50 wt% would produce an excessively thick coating of PAA onto GE-CH. Such a thick PAA coating could not provide effective surface area or a suitable pore structure for easy charge transfer and ion transport. Also, it was observed in Figure 6 (a) that the specific capacitance decreases as the scan rates were increased from 10 to 100 mV·s −1 . At a high scan rate, the diffusion of electrolyte ions was limited by structural properties and only the outer active surface could be utilized for charge storage.
Conclusion
GE-CH-PAA nanocomposites have been successfully prepared. FTIR spectra, XRD patterns and TEM images of GE-CH-PAA nanocomposites indicate the interactions existing between GE, CH and PAA. Due to this synergistic effect of PAA and nano-dimension of GE-CH-PAA, such nanocomposites can be useful as soft electromagnetic materials in constructing transformers, cathode materials in batteries and for electronic devices. 
